Environmental risk assessment is a step towards identification, analysis, and classification of risk factors and thus reduction of the possibility of adverse consequences. In this research, a novel approach for environmental risk assessment on groundwater pollution is applied. By combination of aquifer vulnerability DRASTIC map, pollution severity and prioritizing of the plain regions by the TOPSIS method, more sensitive regions of Qazvin aquifer in Iran are identified. In the first step, seven hydro-geological characteristics of the aquifer are overlaid to produce the potential vulnerability map. Nitrate is used as the pollution parameter and its value in monitoring wells is measured by sampling. Spatial distribution of nitrate concentration is investigated using the ordinary kriging method. The TOPSIS ranking method is also applied to estimate the probability of occurrence of pollution based on five affecting criteria defined and quantified in regions of the aquifer. By production of these three layers, the risk map of the aquifer is generated. Results indicate that 9% of the area of the aquifer is categorized in the high risk level which needs an emergency recovery action plan. Also, sensitivity analysis on the parameters of the aquifer vulnerability shows the effect of the soil media more than other parameters.
INTRODUCTION
Groundwater contamination by nitrate and other nutrients is a major problem throughout the world, often occurring as the result of anthropogenic activities, lack of management, and over-exploitation of groundwater resources (Addiscott et Organization's guideline has indicated that the ingestion of more than 50 mgL À1 nitrate in potable water can be harmful to human health (WHO ).
Groundwater pollution is one of the major environmental threats caused by human activities, such as the use of fertilizers on agricultural land. Agricultural activities have been developed from traditional methods to modern applications, resulting in an overuse of chemical fertilizers that increase the amount of pollutants, particularly when farmers are unaware of the adverse effects of fertilizer use. Some fertilizers, including nitrate, pollute water at a greater extent than other fertilizers. The frequent use of fertilizers on agricultural land induces an increase in nitrate-N pollution in groundwater. To evaluate the effects of pollution in water resources, researchers should identify and assess the extent of pollution by constructing a risk map. Antonakos In spite of its age, the DRASTIC method has been used for vulnerability assessment in many recent studies. One of the main reasons for the frequent use of DRASTIC is the availability of the data which are needed. In central Japan, a TOPSIS, one of the classical multi-criteria decision-making methods was developed by Hwang & Yoon () . It is based on the concept that the chosen alternative should have the shortest distance from the positive ideal solution and the farthest from the negative ideal solution. TOPSIS also provides an easily understandable and programmable calculation procedure. It has the ability to take various criteria with different units into account simultaneously (Ekmekcioglu et al. ) . Environmental risk assessment is the qualitative analysis process of hazard forces and potential risks in a project as well as the sensitivity or vulnerability of the environment.
Previous applications include a business model comparison
In this research, to assess the risk of pollution resulting from agricultural fertilizers, the DRASTIC map of the Qazvin aquifer is prepared to show the vulnerability potential. Then, the pollution severity in the aquifer is extracted from the observed data of nitrate pollution obtained from selected pumping wells by kriging method. The TOPSIS method is then used to evaluate the probability of occurrence of pollution in various zones of the aquifer. Finally, the risk assessment approach is applied to estimate the risk priority number (RPN) of each cell of the aquifer in a GIS environment. Based on the classification of RPN values, the areas with high, moderate, and low pollution risks are identified and required solutions are proposed to be considered for further studies. Accordingly, 90% of the groundwater withdrawal, which is about 1.6 billion cubic meters per year, is used for agricultural consumption. About 7% of the total groundwater withdrawal is used for drinking water and 3% is used for industrial uses. Figure 1 shows the location of Qazvin aquifer.
MATERIALS AND METHODS

Description of the study area
Most areas of the Qazvin plain are dedicated to agricultural concerns and Qazvin aquifer is the main water resource which supplies the required water. In recent years, use of chemical fertilizers has been increased by the farmers in order to produce more products. Therefore, by infiltration of the drainage water to the aquifer, the concentration of nitrate has increased in the aquifer which has raised worries about health problems. Hence, it is necessary to define the risk of pollution in the aquifer and identify which parts need emergency action plans. Based on country divisions, Qazvin plain is composed of five regions: Qazvin, Alborz, Abyek, Takestan, and Boeenzahra.
Risk assessment method
In this research, a novel method is applied to identify all areas of the Qazvin aquifer that are at risk from agricultural activities. The method involves the combination of a vulnerability map (obtained by DRASTIC method), groundwater pollution map (obtained by measuring nitrate concentration 
Groundwater vulnerability map
During the past decades, several methods for assessing groundwater vulnerability using different evaluation factors and approaches have been developed, including GOD (Foster In order to integrate spatial and descriptive data and analyses of vulnerability in Qazvin plain's aquifer, the DRASTIC method was applied. A map of each characteristic was prepared and classified into ranges based on Table 1 . Each parameter has its weight regarding the vulnerability potential. Weighting multipliers are then used for each factor to balance and enhance their importance. The final vulnerability index is a weighted sum of the seven characteristics presented in Table 1 . The DRASTIC index (D i ) can be computed using Equation (1): where D i is DRASTIC index, w is weighting factor for each parameter, r is rate of each parameter and D, R, A, S, T, I, and C are the seven parameters mentioned above, with their weights and boundary values presented in Table 1 .
Severity of pollution
Nitrate concentration was chosen as the most problematic The ordinary interpolation kriging was applied for collected nitrate samples to obtain nitrate concentrations in all pixels in the area to create a pollution parameter for risk assessment of the Qazvin aquifer. OK has better predictive capability due to larger correlation coefficients and lower error in predictions, as is indicated by the root mean squared error of predictions. The minimum estimation error variance was determined from the kriging method to achieve better spatial estimation from the sampling points (Baalousha ). Before applying OK, we checked the spatial autocorrelation using Pearson coefficient and spatial stratification using PD value in geographical detector (Wang & Hu ) in order to ensure that the employed OK was a good choice. Using the kriging, variance of estimate is independent of actual measurements from the field, which is the best linear unbiased estimator of an unknown field. The OK interpolation equation is as follows:
where Z*(x 0 ) is the estimated value, n is the number of points,
Z(x i ) is the measured value at point x i , and λ i is the kriging weight (Neshat et al. ) .
Probability of occurrence
The risk rating is based on the probability of occurrence. This TOPSIS is a multi-attribute decision-making methodology based on the measurement of the Euclidean distance of an alternative from an ideal goal. The technique has is good or more probable. As the TOPSIS method is based on a simple working theory and is easily understood and applied, it soon attracted the attention of relevant economic and management departments and has been widely applied.
The TOPSIS method was initially presented by Hwang & Yoon () and is a process of finding the highest rank among all alternatives. The TOPSIS method is expressed in a succession of six steps as follows.
Step 1: Calculate the normalized decision matrix. The normalized value r ij is calculated as follows:
where x ij is the performance of alternative i for criterion j, m is the number of alternatives, and n is the number of criteria or indicators.
Step 2: Calculate the weighted normalized decision matrix.
The weighted normalized value v ij is calculated as follows:
where w j is the weight of criterion j and P n j¼1 w j ¼ 1.
Step 3: Determine the positive ideal (A*) and negative ideal (A À ) solutions for each criterion:
v Ã j and v À j are positive ideal and negative ideal solutions for criterion j, and C b and C c are sets of desirable and undesirable criteria.
Step 4: Calculate the distance using the n-dimensional Euclidean distance. The distance of each alternative from the positive ideal solution and the negative ideal solution, respectively, is as follows:
Step 5: Calculate the relative closeness to the ideal solution. The relative closeness of the alternative i to the ideal solution is defined as follows:
Step 6: Rank the preference order for alternatives. Each alternative that has a bigger relative closeness has a higher priority among the other options.
Groundwater pollution risk
Probability mapping performed using parameter uncertainty is the most important factor in preparing a risk 
Probability of event i × Consequence of event i (10)
Equation (11) indicates damage denoted by D i and probability of occurrence denoted by P i . This phenomenon occurs R times during its life cycle as given below: These factors are directly related to the risk; as one of these factors is increased, the risk is also increased, and vice versa.
RESULTS AND DISCUSSION
Groundwater vulnerability assessment
A validated groundwater vulnerability detection map of the
Qazvin aquifer is shown in Figure 2 . It was created using the DRASTIC method through summation of the seven previously mentioned DRASTIC parameters after multiplying each parameter with modified rates and weights, respectively.
The vulnerability index is divided into five classes, ranging from very low to very high, and is shown in Table 2 . In Risk mapping Figure 4 shows the nitrate concentration measured in July 2014 and interpolated by kriging method in the Qazvin aquifer. The range of pollution variation is reported in Table 4 . As seen in Figure 4 Alborz. In Table 5 , the main causes of nitrate pollution in Qazvin aquifer regions are presented with their weights, and are quantified based on the existing data in the reports.
In fact, regions are alternatives to be ranked in the TOPSIS method based on the probable causes of nitrate pollution.
By use of the TOPSIS method, the probability of pollution occurrence in regions of the aquifer is obtained and ranked. In Table 6 Table 7 and Figure 6 show the values obtained for RPN and the risk map for the Qazvin aquifer.
The risk map ( Figure 6) , resulting from overlaying the probability map ( Figure 5 ) and the severity map (Figure 4) and the vulnerability detection map (Figure 3 
Map removal sensitivity analysis
The sensitivity analysis carried out in this study helped to validate and evaluate the consistency of the analytical 
CONCLUSION
In this research, a risk map for the Qazvin aquifer in Iran was developed using a novel risk assessment method.
Nitrate was considered as the pollutant factor for assessing the risk of pollution in the aquifer. RPN for the aquifer was calculated by production of the three parameters of potential vulnerability, severity of pollution, and probability of occurrence of pollution. Potential vulnerability was gravel soil type which increases the potential for nitrate to enter the aquifer.
Our results indicated that the development of risk assessment, based on vulnerability, severity of pollution, and probability of occurrence is possible. Comparison of the method used in this research and the previous studies on risk assessment show the ability of the model to predict logically the high risk zones of pollution in an aquifer. This ability is based on common available data in most watersheds and the opinion of local experts who have a broad knowledge about the case; these facts can be named as the advantages of the present method. Thus, governments could provide solid guidelines for establishing a groundwater conservation region and agricultural management policies. For example, areas of medium, high, and very high risk of pollution potential should be considered as groundwater protection regions, where fertilizer application is significantly minimized or completely restricted on agricultural land. Results obtained by the model are dependent on the limited pollution dataset measured in July 2014 in the region. Therefore, for a more generalized conclusion, the model could be tested more rigorously by using a more extensive dataset over a longer period of sampling. The dependency of the probability map on the defined criteria and the criteria weights relying on regional experts' opinions, which may cause bias in the results in the case of using a few experts, may be named as the potential weaknesses of the method applied in the research. The authors of this paper recommend applying this methodology to achieve risk mapping, specifically in agricultural regions.
In addition, the pollution source in each region can be detected and used for groundwater pollution risk assessment.
This factor highlights the necessity of identifying other alternative sources of pollution. 
